Introduction
Intermittent claudication is one of the commonest causes of disability in the middle-aged and elderly. It is also one of the commonest regional manifestations of degenerative arterial disease. In most cases the aetiology is unknown; and, apart from a few patients suitable for reconstructive surgery, there is no effective treatment. Moreover, except for postoperative series, the natural history of lower limb ischaemia still rests almost entirely on clinical studies, uncorrelated with physiological measurements or biochemical data. Such series are of limited value as guides to prognosis in individual patients. Three years ago we decided to assess and follow up in detail a group of patients suffering from this condition. We here summarze the presenting clinical, haemodynamic, radiological, rheological, and biochemical findings in 126 patients.
Patients
Because the patients were unselected and referred from a variety of sources there was no consistent relation between the duration or severity of their disease and our initial studies. We divided them, retrospectively, into three groups-those who had been clinically improving during the previous six to 12 months (group 1), those whose condition had been more or less stationary (group 2), and those who had been steadily deteriorating (group 3). Their average age was 62-5 years (range 35-85 years) Departm ent of with a 4-5:1 preponderance of men over women. The lapse of time since their first symptom varied from one month to 14 years (average two years and four months). Thirty-one patients remembered that the onset of their symptoms had been acute.
Patients were excluded from the series if they had undergone reconstructive surgery during the previous year; but 18 had had operations more than a year earlier.
At their initial visit all patients were carefully screened for other diseases which might influence the progress of their claudication or which might be relevant to the interpretation of the rheological, haemodynamic, and biochemical findings. Thirty-three patients (26%) had evidence of ischaemic heart disease. The blood pressure readings were not significantly higher than would be expected in a healthy group of the same age (average 154/88 mm Hg). Six patients (5%) were diabetic, all well controlled on diet or oral hypoglycaemic drugs or on both forms of treatment. Sixty-seven per cent. of the patients smoked cigarettes, about half of them more than 15 a day.
Investigations
Blood Flow Measurements.-The calf blood flow was measured in all patients at every visit by using mercury-in-rubber straingauge plethysmography. In order to assess the ability of the circulation to respond to stress, measurements were carried out both at rest and after a standard stepping exercise. The detailed interpretation of the postexercise patterns has been described . A recent improved technique of plethysmography is based or selective femoral vein occlusion by means of a specially designed pressure pad. In patients with arterial disease this gives more accurate readings than the traditional occlusion cuff around the thigh (Colley and Dormandy, 1973 (Mackintosh et al., 1973) . In this technique the patient is asked to perform isometric leg exercises after insertion ofthe arterial catheter, and the dye is injected only when the patient complains of claudication pain. The (Begg and Hearns, 1966; Dormandy, 1970 Dormandy, , 1973 Stirland (1956) . The precipitated fibrinogen is estimated nephelometrically (Stone et al., 1971) . The results are in good agreement with measurements made by thrombin precipitation (Millar et al., 1971 (Dormandy, 1969) .
Cells in vivo are actively protected against this by antioxidant mechanisms which are imperfectly understood but highly effective. Despite these mechanisms it is possible to measure the susceptibility of tissues to autoxidaition by exposing them to standardized oxidative stress b; Stocks and Dormandy, 1971 ). In the case of red cells -the results can be expressed in terms of nanormoles of malonyldialdehyde, a secondary breakdown product of lipid peroxides, generated in the course of a two-hour assay. Our normal range between the ages of 2 and 70 years is 60-300 nmol/g Hb (Sitocks, 1972; Stocks et al., 1972) . Above 60 years of age -the normal mean rises and the scatter becomes progressively wider.
Results

CLINICAL
The distribution of the claudication distances at the initial visits is shown in fig. 1 . There was no correlation between this distance and the length of the past history (r = 0-01). On the other hand, the claudication distance of patients who also complained of rest pain was significantly less (average 106 yd-97 m) than the claudication distance of those who had no rest pain (average 329 yd-301 m). The type of onset also had some bearing as expected, those with a history of acute onset had a longer claudication distance (average 347 yd-317 m) than those with a gradual onset (213 yd-195 m) .
The principal clinical sign of lower limb ischaemia is the disappearance of pulses. Though subject to considerable observer error it was a more reliable measure of the underlying disease process than claudication distance. In particular the absence of peripheral pulses was related to the length of history, being 13% more common among those who had had symptoms for more than a year.
BLOOD FLOW
The resting blood flow, though more objective a measure than clinical symptoms and signs, is still subject to wide and seemingly random variations. In the present series the mean resting blood flow was 3 ml/100 ml/min (S.D. 0 76). This was only slightly less than the normal mean of 4-3 ml/100 ml/min (S.D. 1-02), and the two ranges widely overlapped. Much more meaningful was the pattern of response to a standard exercise. The normal and four abnormal patterns are shown in fig. 2 Within the patient series the blood viscosity was higher in those with rest pain than in those without; and it was higher in those with a claudication distance of less than 100 yd (91 m) than in those less severely disabled (table III) . These differences are not statistically significant, but consistent at both shear rates and for both measured and corrected viscosities.
In an attempt to decide whether the raised blood viscosity was more likely to be a cause or an effect of the disability, the viscosity readings of patients with a history of less than six months were compared with the results in the series as a whole. There was no significant difference between the two groups.
The 33 patients with definite evidence of ischaemic heart disease as well as peripheral arterial disease had a significantly higher measured blood viscosity than those with peripheral arterial disease alone (fig. 4) Review of the patients' past history and clinical symptoms and signs lends support to the traditional view of two parallel processes-progressive obstruction in the major arteries accompanied by the gradual development of a more or less adequate collateral circulation. This is reflected by the lack of correlation between the duration of the disease and claudication distance on the one hand and the time-related decrease in the number of patients with palpable distal pulses on the other. Since claudication distance can be expressed in yards it is, on the face of it, one of the most easily quantitated symptoms in clinical medicine; but in fact it is as much influenced by psychological and external variables (and therefore as imprecise a measure of the underlying disease process) as any other kind of pain. From the point of view of objective functional assessment the need is clearly for a reliable method for measuring the blood supply to the limb in exercise. Measurement of pressure gradients after exercise-for example, from arm to ankle-have been advocated and have been used with some success (Lewis et al., 1973) . This indirect approach has the merit of comparative technical simplicity, but it depends on the assumption of a more or less constant pressure-gradient/flow relation. Neither in theory nor in practice is this assumption always justified. The plethysmographic determination of calf blood flow after exercise, though a more complicated technique, provides a more direct and therefore more reliable measure of the adequacy of the combined main vessel and collateral blood supply.
Of the three variables which determine blood flow-the radius of the vessels, the pressure gradient, and viscosity of the blood-disproportionate attention has been paid in the past to vessel narrowing at the expense of viscosity. Though Poiseuille's (1846) equation remains after more than 100 years one of the most-quoted statements in cardiovascular physiology, and though a significant relation in normals between blood flow and viscosity has now been established , viscosity changes have not been previously measured in patients with intermittent claudication. In the present series the blood viscosity was significantly raised compared with age-matched normal controls. A combined comparative review of the arteriographic, clinical, and rheological evidence suggests, moreover, that in a proportion of cases the increased viscosity is the critical factor responsible for the symptoms. Because the degree of arterial narrowing still cannot be accurately measured this concept of "rheological claudication" remains to be proved; but the existence of such a state is strongly supported by the findings summarized in Of the biophysical and biochemical factors which govern blood viscosity (other than the packed cell volume) plasma fibrinogen has been shown to be a critical determinant both in vitro and in vivo (Merrill, 1969; Weaver et al., 1969) . Plasma fibrinogen is believed to affect viscosity by increasing red cell aggregation (Rosenblum, 1969) . This effect is increasingly pronounced at lower shear rates and is therefore at least partly responsible for the non-Newtonian behaviour of whole blood though it does not interfere with the Newtonian behaviour of plasma. A raised plasma fibrinogen was the commonest single biochemical abnormality in our series as a whole; and individual values correlated closely not only with the corrected viscositythat is, the viscosity adjusted to a standard packed cell volumebut also with our initial clinical grouping of patients according to their immediate past progress ( fig. 7) .
The serum-lipid "profile" of the series as a whole is in general agreement with two recently published biochemical studies (Greenhalgh, 1971; Newall, 1971) . Because minor degrees of claudication are probably neither complained of nor detected in many elderly people, there remains an element of uncertainty about any "age-matched normal" control group. But both published evidence and our own suggests that the prevalence of hyperlipidaemia-in particular a raised serum triglyceride and a raised serum cholesterol level-is higher in intermittent claudicants than in those without claudication. There is also a higher prevalence of types II and IV (Fredrickson et al., 1967) after a conventional 10 to 12-hour fast, many patients with hyperlipidaemia never have "fasting" serum lipids in the course of their ordinary everyday life. It is as unreasonable to reject such "non-fasting" samples as it is to compare them with fasting samples*from normal controls. In so far as serum lipids can ever yield individually useful diagnostic information, the need is clearly for a procedure which will measure the response to a standard load over a set period of time rather than one which aims at an unattainable baseline ideal.
The measurement of red cell malonyldialdehyde was included in our series of routine investigations with two possibilities in mind. The susceptibility of cells to autoxidation has now been shown to be closely related to the percentage composition of cell lipids and in particular to the percentage concentration ofthe polyunsaturated fatty acids (Gutteridge and Dormandy 1973) . This, it was felt, might influence the physical properties of red cells which, in turn, might affect whole-blood viscosity. More important, changes in red cell lipids provide a far more reliable guide to tissue lipids than serum lipid measurements; and the changes reflected by an increased susceptibility to autoxidation might be particularly relevant to degenerative arterial disease (Harman, 1956; Barber and Berheim, 1967; Slater, 1972) . Our findings give no support to the first possibility-that is, to a direct relation between whole-blood viscosity and red cell autoxidation, though such a relation might be apparent at lower shear rates than were used with the present study. On . Sixty-two of these patients have now been followed up for periods of from one to three years. During this time all were assessed clinically and had their baseline investigations repeated at regular intervals of one or two months. We here consider the prognostic significance of our initial findings in the light of the patients' subsequent progress.
Patients
Our series as a whole has been described in our previous paper. Of the 62 patients who are included in the present study none (range 46-85 years). Twenty-six patients had definite evidence of ischaemic heart disease, 21 had a blood pressure above 160/100 mm Hg, and three were well-controlled diabetics on oral hypoglycaemic drugs. There had been a history of intermittent claudication for an average of just over two years before their first visit. Seven of the patients died during the follow-up period, six of them known cases of ischaemic heart disease.
Methods
INVESTIGATIONS
Our methods and our interpretation of results have already been described . The patients' calf blood flow was measured at rest and after a standard exercise by using a mercury-in-rubber, strain-gauge plethysmograph. More recently the thigh blood flow was also measured simultaneously with a new technique of selective femoral vein occlusion (Colley and Dormandy, 1973 Stocks et al., 1972) .
ASSESSMENT OF PROGRESS
We have already considered the difficulty in assessing objectively the severity of intermittent claudication, and similar difficulties arise when assessing progress over a period of time. The shorten-
